INtRODUctION
The search of human body proportionality is ancient and has not ended. The first recorded observation of human body proportions was made by the roman architect Vitruvius, posteriorly disseminated by Leonardo da Vinci's masterpiece "The Vitruvian man" (1) .
In some occasions, correlations between different human structures could help planning intra-abdominal surgeries. In the era of minimally invasive surgeries, the previous knowledge of ureteral length allows a correct planning of a reconstructive surgery or ureteral reimplantation, reducing costs, without the need of invasive subsidiary exams, such as cystoscopy or radiological profiles (for example, intravenous pyelography or computerized tomography). The correct choice of the length of a double-J catheter reduces symptoms and morbidity (2-7) and one of the determinants is the catheter length (3, 8, 9) . A very long catheter can cause irritative symptoms, while a short one allows migration (3, 8, 10, 11) .
Some authors searched for correlations between ureteral length and anthropomorphic measures (2, 3, 10, 12) and some have found poor correlations with no clinical use (2, 12) , while others haven't found any (3, 10) . Such studies were conducted using image or endoscopic methods.
There are no Brazilian data about ureteral length or studies about correlations between ureteral and anthropometric measures using cadavers. So we decided to dissect ureters of human cadavers submitted to necropsies at the medical legal institute, and determined their lengths and correlations with some anthropometric measures. According to our knowledge, this is the first Brazilian study that correlates ureteral length with anthropometric data and the first in medical literature to determine these measures in cadavers (the measurement is more accurate than other methods being used so far).
MAtERIAlS AND MEtHODS
This is a transverse study that evaluates the length of ureters (point of interest) and other anthropometric measures (predictors) in one particular moment. Data were collected from April 2009 to January 2012 and were obtained from the dissection of cadaveric ureters of patients with more than 16 years old, submitted to necropsy at the Medical Legal Institute Nina Rodrigues, in Salvador, Bahia.
The necropsied cadavers (with violent or natural cause of death) were submitted to retroperitoneal dissection ( Figure- was detached from the renal parenchyma and the whole structure (renal pelvis, ureter and bladder insertion) was rectified at the bench (Figure-3) . The ureter was delimited by the ureteral-pielic junction (UPJ) and ureteral-bladder junction (UBV). UPJ was identified at the point of proximal enlargement of the ureter and the UBV at the point of distal enlargement. In case of doubt, the extremities were opened longitudinally to help identify these points (Figure-4) . The dissection was done bilaterally and at the bench the structure was rectified in order to measure the ureteral length using a millimetric scale with 5 mm gradation.
The following measures were also obtained: distance from shoulder to wrist (acromial process-head of the ulna), elbow-wrist (olecranon-head of the ulna), xiphoid appendix-umbilicus, umbilicus-pubis, xiphoid appendix-pubis and between iliac spines. The cadavers were randomly chosen, and those with primary or secondary ureteral diseases leading to anatomic distortion (megaureter, neoplasms, adhesions, duplicity), ureteral trauma or previous ureteral surgery (confirmed or suspected) or any evident ureteral disease were excluded.
Calculation of the sample was made using the software BioEstat 5.0, based on the data of Jeon et al. (4) , that described a correlation between height and ureteral length with a correlation coefficient r = 0.369. With a statistical power of UPJ 90% with a type error I of 5%, it was verified the need of a sample of 83 ureters.
For statistical analysis, the sample was categorized according to gender (male and female) and height (subgroup H1: cadavers with less than 165 cm height, subgroup H2: height from 166 to 175 cm; and subgroup H3: height equal or superior to 176 cm). Student t test was used for the analysis of the ureteral length according to gender. For analysis of ureteral length according to height subgroups, it was used analysis of variance (ANOVA).
Pearson correlation was used to analyze the correlation between ureteral length and the anthropometric measures. Multiple linear regression was used to evaluate the possibility of obtaining a predictor equation of ureteral length. Backward strategy was used to determine the predictive variables of the final model. In order to correct the possible effects of extreme values, it was obtained correlation and regression analysis of all values of ureteral lengths and to all values that, in a normal standardized scale, had z scores of -1.96 to 1.96 . P values lower than 5% (p < 0.05) were considered significant. All analysis were made using SPSS software version 14.0.
This study was approved by the Medical Ethical Committee of our institution and by the scientific board of the medical legal institute.
RESUltS
The ureters of 115 adult cadavers were dissected, with ages equal or superior to 16 years old, from April 2009 to January 2012. Twenty two were female and 93 male (1 female: 4.22 male). Median female age (standard deviation) was 51.48 (± 13.63) and 38.95 (± 19.0) male (p = 0.002). Median (standard deviation) height was 159.5 (± 6.36) for females and 171.59 (± 7.42) for males (p ≤ 0.001) ( Table-1) . Medial ureteral length (standard deviation) was 25.36 (± 3.67) cm. When we analyzed ureteral length according to gender, there was no significant differences (p = 0.135), although female ureters presented a median length (sd) of 26.73 (± 4.85) and male ureters 25.05 (± 3.26) cm (Table-1) .
When we analyzed the height subgroups, there were also no statistical differences of ureteral length: medial length (sd) of subgroups H1, H2 and H3 were respectively 25.09 (± 4.88) cm, 25.51 (± 2.99) cm and 25.46 (± 3.07) cm (p = 0.860).
Among 115 analyzed cadavers, there were only 7 with different contralateral measures of ureters, varying from 1.5 to 6.5 cm. In these cases, left ureter was longer than the contralateral in three corpses. No pathologies were identified in these 7 cadavers.
There were no correlations between ureteral length and anthropometric measures in general population (Table-2 ). When the sample was categorized according to gender, there was also no correlation (Table-2 ). There were low correlations in some analysis of the population categorized according to height. Among the 34 cadavers of subgroup H1, ureteral length correlated with the shoulder-elbow distance, with a Pearson index of -0.368 (p = 0.038). In subgroup H2, there was also a low correlation between height and ureteral length (Pearson index -0.337 and p = 0.013). In subgroup H3, it was identified a correlation between height and ureteral left length, with Pearson index of -0.292 and p = 0.042 (Table-3 ). And finally, when we categorized the population simultaneously according to gender and height, there were no significant correlations (Tables 4 and 5 ).
DIScUSSION
Median ureteral length was 14 to 37 cm (median 25.36 ± 3.67 cm) in accordance to literature (16 to 35 cm) (2-4,8,10). There was no statistical significant difference between men (25.05 ± 3.27 cm) and women (26.73 ± 4.84 cm) (p = 0.135), although median height of male population was bigger (171.59 ± 7.42 cm male and 159.50 ± 6.36 cm female) (p < 0.001). The cause of this finding is unknown, but probably due to the larger pelvis of women, with a longer ureteral path. There was also no statistical difference between distances in both sexes (xiphoid appendix-pubis (p = 0.618), xiphoid appendix-umbilicus (p = 0.546) and umbilicus-pubis (p = 0.635) independently of the subgroups of height, suggesting that the abdominal length of ureter doesn't alter according to gender or subgroup of height, and therefore, the distance between the kidney and the bladder may also not vary. There was also no statistical difference of ureteral length according to the subgroups of height. Median ureteral length in subgroup H1 (height equal or lower than 165 cm) was 25.09 ± 4.88 cm, in subgroup H2 (height from 166 to 175 cm) 25.51 ± 2.99 cm and in subgroup H3 (height equal or superior to 176 cm) was 25.46 ± 3.07 cm (p = 0.860). Accordingly, we observed that correlation between height and abdominal length (represented by the distances from xiphoid appendix-umbilicus, umbilicus-pubis, xiphoid appendix-pubis) is low (r = 0.282 with p = 0.003; r = 0.295 with p = 0.002; and r = 0.227 with p = 0.019, respectively), disqualifying the affirmative that higher people have longer ureters. So, the choice of a double-J catheter should not be based upon height and is recommended the use of a median length catheter to all population.
In only 7 of a total of 115 necropsied cadavers there were differences between length of right and left ureters. Hruby et al. (2) analyzed 100 patients with endoscopy and also didn't find any difference, while Paick et al. (3) found 1 cm difference between left and right ureters in a sample of 203 patients. The 5 mm scale used in our work could justify the lack of observance of small differences between contralateral units. Another difficulty to compare data with living beings is related to the way of obtaining the measures. In vivo, ureters can contract or dilate according to manipulation, and image exams may not reflect the correct measure of the ureteral length.
There was no significant correlation between ureteral length and the studied anthropometric measures, in general population or according to gender or height. Hruby et al. (2) in a similar study used endoscopy and radioscopy to measure ureteral length and found a weak correlation with height, xiphoid appendix-pubis distance and (8) found no correlations between height and ureteral length. In view of these facts, this study reaffirms previous works regarding the lack of correlation between different segments of the human body and the ureteral length, making impossible the proposal of a predictive formula. The absence of correlation between height and ureteral length would also explain the absence of difference of ureteral length according to different heights. Among all limitations of this study, we point out that the sample was a convenient one, that represented the black population with low income of Salvador (except for one white cadaver, all others were black or brown). Brazil has a vast territorial extension, with a very heterogeneous population with African, European and Asiatic descendents. And these differences are more evident in different regions of the country, with different median heights. Low income populations are more prone to deficits of physical development, with lower heights. However, since it was not found any correlation between height and all other anthropometric measures, probably this bias did not interfere the results.
cONclUSIONS
There are no significant statistical differences in median ureteral length according to different genders or heights; median length is 25.36 (± 3.67) cm.
There is not a significant correlation between ureteral length and all evaluated segments of human body, making impossible the prediction of the length of the ureter accordingly.
EDItORIAl cOMMENt
The fact that few studies on the anatomy ureteral in the years fifty and seventy to reflect the originality of this article highlighted (1,2). As for its clinical applicability in adult surgical matter of finding not occur significant difference in mean length ureteral between different age and height between males and females, and the average length of 25.36 (± 3.67) cm. As the author rightly emphasizes the difficulty of comparing the data in the literature relates to the way of obtaining measurements, since in vivo, the ureter can contract and shorten as their handling, and imaging studies may not reflect the exact measurement ureteral length as most existing studies can cite as published by Chew et al., 2007 (3) .
Remember important study in our country's existing anatomy of the ureteropelvic junction by Sampaio published in 1996 with great applicability to endopielotomia technique (4).
